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Previous r e i io r t s  have s1io.,:.m h~:;; the t h r e e  s 2 a t i o n  d a t a  can be r e -  
;ic?c.d "io y i e l d  information on t h e  iz teyplanetai-y medium, t h e  source of 
-L-i;e scccnd long L p u l s e s .  E r i e f l y ,  conela-Lions  of  am2litude a r e  calcu-  
l ~ t ~ < i ,  t h e  t h r e e  p a i r s  of c r o s s  c o r r e l a t i o n s  a r e  compared a t  an i n s t a n t  
0: t ix ,  and t h e  shape of contol:i?s o f  equal  c o r r e l a t i o n  of amplitude a r e  
c z l c c l z t e d  through t h e  use of  tlie au tocor re l a t ion  contour .  These a r e  

t i ~ i i s  i n  mpli-kude ( s c i n t i l l a t i o n s )  by a Fourier t ransform.  The e f f e c t s  
0.i' shL;>e m e  then reinoved f r o n  t h e  d a t a  by ti-ansfoiming t o  a system where 
T!:e p r o j e c t i o n  of tlie c o r r e l a t i o n  ccntours  i s  c i r c u i a r .  R e l a t i v e  l a g s  t o  
peak c r o s s  c o r r e l a t i o n  a r e  then used t o  c a l c u l a t e  cloud v e l o c i t i e s .  Ex- 
zi;;.ples of t h e  procedure have Seen given i n  e a r l i e r  r e p o r t s .  

77: -,,,Ltei 3 t o  the mean shape o f  the i r r e g u l a y i t i e s  which cause t h e  v a r i a -  

A cons ide ra t ion  of systematic  errors which may be p r e s e n t  l e d  t o  
a necessary ref inement  of t h e  work. I t  i s  q u a l i t a t i v e l y  obvious t h a t  
the p;i?ser?,ce of  r x d o ~  n o i s e  i n  -the s y s t m  must lower any measure o f  COT- 
-9 2 1 E-- 

c o r r e l a t i o n s  to each other and t o  a u t o c o r r e l a t l m )  a r e  used, t h i s  would 
n0-L b e  2 problem were it n o t  f o r  t he  fact t h a t  t h e  no i se  i s  d i f f e r e n t  on 
L ! ~ ~  2ifEeren-t channels.  I n  p a r t i c u l a r  on 23 October 1955 t h e  va lue  of mean 
sc~i;;i-p l loise for a p i e c e  of ':quiet': record { i . e .  no J u p i t e r  emission i n  
evidence) was .048 fo-. t h e  Bethany spaced r e c e i v e r  system, .157 f o r  t h e  
Foii1Frd system, azd . 3 2 6  a t  IEuntin$on ir, a r b i t r a r y  bu t  comparable u n i t s  
re la i - lve  t o  mean square s i g n a l  p l u s  no i se .  Thus more c a r e f u l  t rea tment  i s  
needei .  

- Lion which e x i s t s .  Since o ~ l y  r e l a t i v e  measures of c o r r e l a t i o n  ( c ros s  

_._L ~ 

Vith t h e  assumption t h a t  the  output  ~f t h e  system could be c a s t  i n  
the s k p l e  form 

OUTPUT = SIGNAL + i\iOISE 

I n  accordance i:7lth t h e  method cur l ined  i n  t h e  appendix t h e  r eco rd  
cf 23 October,  L<53s was cor rec ted  f o r  the e f f e c t s  of ?andom no i se .  These 
results a r e  shown In the a t t a c l x d  gi.aphs and t a b l e s .  The  shape a n a l y s i s  
~ L X T ? ~  out t o  be ; -e la t ively i n s e n s i t i v e  qua i i t a tTv? ly ,  b u t  t h e  v e l o c i t i e s  - 
CE,, L, L,lll =,-- -? Li 7.<'L' I L I c ~ L - ~ ~ /  - - G;-, the exact  q , a n t i t a t i v e  ~ s s ~ l l t s  , and these  :.!ere in6eed 
alALLLL -, - -  - - 7 -I_ ,~ 2 . The c r i g i n a l  c o r r e l a t i o n  ellipse had a x i a l  r a t i o  3 . S 7  and an ^ P  

znglc  of i n c l i r ~ a ~ c i o n  between t h e  p r o  j e c t i o n  05 J u p i t e r ' s  v e r t i c a l  c i r c l e  
and t h e  major a x i s  of t h e  e l l i p s e  o f  -43 .6  Cien-T-ees. a- The corresponding 
q u a n t i t i e s  for the n o i s e  correctec! case  a?? LI.73 and -45 .4  degrees .  

-7 

i n 2  geometric conf igura t ion  deYive2 ~ : G Z  t h e  o r i g i n a l  d a t a  gave an 
-1 L::?ztzyainate result for the true d r i f t  \7eL~?ci-Sy. iiie n o i s e  co r rec t ed  

c: & L, - 3 i s  c o n s i s t e n t  with a v e l o c i t y  o f  a p 3 x x i m t e l y  50 lm/sec. a long the 
zcl-.-7- - i , ~ i c  (within 10" o f  t h e  e c l i p t i c )  . Tke g,reoriietry, however, even i n  
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t h i s  case  i s  such t h a t  t h i s  f i g u r e  must be considered t e n a t i v e  pending 
t h e  completion of  f u r t h e r  e r r o r  a n a l y s i s  now i n  p rogres s .  

A l l  r ecords  a r e  now being processed t o  remove t h e  e f f e c t  noted 
above. Meanwhile t h e o r e t i c a l  c a l c u l a t i o n s  on t h e  e f f e c t s  of  c o r r e l a t e d  
noise  a r e  proceeding. For example, we may cons ider  t h e  case  

OUTPUT = SIGNAL (1 + a) + NOISE 

where a may be a m u l t i p l i c a t i v e  "noise" c r e a t e d  by t h e  ionosphere.  

The removal of t h e  systematic  e r r o r s  c rea t ed  by no i se  g r e a t l y  en- 
hances t h e  f a i t h  we may p u t  on the  r e s u l t s  of  t h e  s tudy ,  and t h e s e  cor -  
r e c t i o n s  have become t h e  first order  of bus iness .  
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Table I 

Noise Correct ion Data of 23 O c t  1965 

P s  R n J R  

3 ctz 3 67 

I I I 
I 

as.47 $ 1 .  73 I 72 .5  

Headings r e fe r  t o  t h e  t h r e e  spaced r e c e i v e r  s t a t i o n s .  Notation f o l l o w s  

appendix.  Primed n o i s e  refers t o  q u a n t i t i e s  b e f o r e  z e r o  a d j u s t .  

The c r o s s c o r r e l a t i o n  c o r r e c t i o n  f a c t o r s  are  BSR-PSR 1.113, BSR-HSR 1 .245 ,  

PSR-HSR 1.323. 



Appendix 

Errors i n  Cor re l a t ion  C o e f f i c i e n t s  

For  two v a r i a b l e s ,  Zi ( t )  ,Zj ( t )  , we d e f i n e  a c o r r e l a t i o n  c o e f f i c i e n t  

4 

of arguement & , 

Consider y =x.+n where y i s  observed, x i s  our d e s i r e d  s i g n a l ,  
i i i  i i 

and n 

in s t rumen ta l  and human. We assume t h e  n o i s e  introduced i s  random, i n  t h e  

sense  of gauss ian  wi th  zero  mean, independent of  t h e  s i g n a l .  

i s  t h e  n o i s e  introdouced by the  process  of  measurement bo th  i 

The elements of  t h e  c o r r e l a t i o n  c o e f f i c i e n t  have t h e  fo l lowing  p r o p e r t i e s :  
r-, - - --- 

2; Q 
$<*mi V %; ez; 0 $ ;  

Note t h a t  as nk and x are independent t h e  term i n  [ I  i s  zero  s o  t h a t  
1 

Note t h a t  i f  i#j  t h e  t e r m  n ( t ) n .  ( t - 0  i s  zero  while  . i f  i= j  it depends 
1 J  

on t h e  behavior  of  n a s  a func t ion  of t ime.  I n  p a r t i c u l a r  a t t  =O t h e  i - 
t e r m  i s  [n i ( t>]  z . 

t 
To examine t h e  denominatfir cons ider  6 . 

9,' 
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T However,, a s  n has  zero  mean t h i s  l a s t  term is  j u s t  n and w e  have i i 

o r  rear ranging ,  

and . 

2 L 
n o t e  t h a t  6;  < 69; 
zero  no i se .  

wi th  e q u a l i t y  only i n  t..e unphys ica l  c a s e  o f  

S u b s t i t u t i o n  of equat ions  (2), ( 3 ) ,  and (4) i n t o  (1) y i e l d s  - -  -- * - -- 
. 

We n o t e  t h e  fo l lowing  s p e c i a l  cases:  

I .  i#j  

For t h i s  ca se  n.n 
- 

i s  zero  and - - -  i j  

*iJ it) 7; (t-d " $2 & I )  ' Ct, 4 

L, 

The term i n  square  b r a c k e t s  i s  a cons tan t  independent of Z and t h e  presence  

of n o i s e  dec reases  ( C )  r e l a t i v e  t o  fx.. I?) by t h i s  c o n s t a n t  f a c t o r .  f 9;; ' 1  

11. i=j  For t h i s  case n .  ( t ) ,n .  (t-Z) depends on t h e  t i m e  behavior  of  n . 
A i 1 - a)  Z = O  - cqcC,g" z m: * 

r*'; It) d;WU = 
t h u s  we may r e w r i t e  ( 5 )  as 
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t h u s  

(71 

and, a s  we expect ,  

b) f0. 

I n  t h i s  case w e  must know t h e  behavior  of  n as a func t ion  o f  t. We i 
no te ,  however, t h a t  a t  va lues  o f  

and we r e v e r t  t o  t h e  c a s e  given i n  (6 ) .  Note t h a t  t h e  shape of $3;; 
i s  n o t  t h e  same as SIC;; 
by us ing  (7) a t% =O.  and (6) a t  p o i n t s  where ni ( t )ni( t -Z)  = 0. 

l a r g e  enough n . 0 5  i s  zero  
1 

Srt i l a  i n  t h e  region TrcYO. But we can recover  

S p e c i a l  Conclusions f o r  our Data 

To o b t a i n  fX4 (Z) from $3G <C) we c a l c u l a t e  

and use  equat ion  (6) .  

w i th  t h e  b r a c k e t  t e r m  t a k i n g  t h e  simple form ( l - n i / p  2 

To o b t a i n  ,b('L)from 8 ~ i l ~ ~ )  we use  equat ion  (6) when 't 6 0725 
7 Sk' 

and we n o t e  
Yi) 
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